Objective. It has been suggested that macrovascular disease is more common in patients with scleroderma (SSc). We investigated the prevalence of coronary artery disease (CAD) in SSc using coronary angiography. Methods. Coronary angiography was performed in 172 patients with SSc and suspected CAD to examine the prevalence of significant CAD. The prevalence of CAD was estimated in the whole group and also according to age, gender and type of symptoms (typical angina, atypical angina and non-anginal pain or breathlessness). Standardized prevalence ratios (SPRs) were calculated in each symptomatic group in order to compare CAD rates amongst our observed population with those predicted using the Diamond and Forrester (D & F) probability analysis. This analysis provides an estimate of the probability of CAD based on gender, age and symptoms in subjects aged between 30-69 yrs.
Introduction
Scleroderma (SSc) is a multisystem disorder of connective tissue characterized by widespread vascular lesions and fibrosis of the skin and internal organs (gut, heart, lungs and kidney) [1, 2] . SSc has the highest case-specific mortality of the autoimmune rheumatic conditions [3] . Cardiac disease is one of the major causes of death in SSc and it is plausible that cardiac disease contributes to mortality from other causes in SSc [4] . Subclinical cardiac involvement, including conduction abnormalities, myocardial and pericardial disease, is thought to be common in SSc [5] . Autopsy studies have suggested a high frequency of abnormalities, particularly replacement fibrosis and contraction band necrosis [6] . However, clinically apparent cardiac disease has been reported in only 10% of the patients and was associated with an adverse prognosis [7] . In addition to fibrotic changes in the myocardium, a 'cardiac Raynaud's phenomenon' involving small myocardial vessels and an immune-mediated myocarditis has been suggested, but the exact pathogenesis of myocardial involvement in SSc is unclear.
Microvascular dysfunction in SSc is well-established in scleroderma [8] . Although carotid and peripheral artery disease have been described in patients with SSc [9] , it is not known whether the SSc vasculopathy predisposes patients to CAD, because no studies have addressed this clinical issue with coronary angiography in a large group of patients. If peripheral vascular disease is more common in SSc, then it might be expected that CAD would be more common in patients with SSc compared with individuals without SSc. However, the epicardial coronary arteries in patients with SSc have been reported to be free of significant disease even in the setting of myocardial infarction, congestive cardiac failure and sudden cardiac death, but these reports included only small number of patients [10, 11] . Studies of vessel wall mechanics suggest that elastic rather than muscular arteries are abnormal in SSc and the degree of abnormality associates with the extent of skin sclerosis [12] .
Non-invasive studies have been carried out to investigate myocardial perfusion in SSc. Nuclear myocardial perfusion studies generally have a low predictive accuracy of around 30% [13] . In SSc, the false positive rate is not known because no large studies have been performed assessing both perfusion defects and coronary anatomy with angiography. Echocardiography and Doppler imaging have reported impaired coronary flow in SSc patients, both with and without cardiac symptoms [14] [15] [16] . However, most of these studies did not include coronary angiography.
The aim of our study was to assess the prevalence of clinically significant CAD in SSc using the 'gold standard' of coronary angiography and to clarify whether there is an excess of CAD in the SSc population. We examined the prevalence of angiographically documented CAD in SSc patients and compared the observed prevalence of CAD in these patients with that predicted for the general population using the D & F probability analysis to provide a reference population [17] . We also analysed the subset of SSc, duration of Raynaud's phenomenon, skin sclerosis score, auto-antibody profile and pattern of organ involvement for the SSc cases to see whether these variables associated with CAD.
Materials and methods

Patients
From a large cohort of approximately 1000 SSc patients, under regular follow-up between 1998 and 2004 in the Royal Free Hospital Scleroderma Clinic, we reviewed patients who had had coronary angiography during this time. A total of 174 SSc patients underwent coronary angiography. These patients had been referred for cardiovascular assessment to investigate suspected cardiac or pulmonary arterial disease for different clinical reasons. Two asymptomatic patients were excluded because coronary angiography had been performed as a part of lung transplant assessment. The study population of 172 patients (136 females, age range 26-80 yrs, mean 61 yrs) fulfilled the American College of Rheumatology classification criteria for SSc [18] . Forty-two (24%) patients were in the diffuse cutaneous subset and 130 (76%) had limited disease. Patients with diffuse SSc were designated as early-stage (<2 yrs duration) or late-stage disease, determined by duration of more than 2 yrs from onset of the first non-Raynaud's manifestation of SSc. The study cohort characteristics are shown in Table 1 .
Hospital case notes and departmental databases (SSc, pulmonary hypertension and laboratory data) were reviewed to obtain details about their disease including: clinical classification of SSc, extent of internal organ involvement, skin score to measure disease activity, serological markers and indications for coronary angiography. The Royal Free Hospital Local Research Ethics Committee approved the study and patient consent was obtained.
Patients were grouped according to their main cardiac symptom. Coronary angiography was performed in 27 patients with typical angina (TA) and 29 patients with atypical angina (AA). Coronary angiography was performed in further 116 patients with breathlessness on exertion (non-anginal chest pain, NAP group), because they did not have sufficiently severe structural or vascular pulmonary disease to account for their symptoms.
The D & F tables provide an estimate of the probability of CAD based on gender, age, symptoms in patients aged between 30-69 yrs. The D & F tables were used for comparison because of their validity and simplicity. Of the 172 patients who had coronary angiography, 131 patients were aged between 30-69 yrs and so could be compared with the D & F probability analysis tables. Significant CAD was defined using the D & F criteria (stenosis of at least 50% in a major coronary artery and/or at least 70% in a branch artery). The prevalence of CAD was estimated in the whole group and also according to age, gender and type of symptoms. For 131 patients aged between 30-69 yrs, the observed prevalence of significant CAD in each symptomatic group was compared with the expected prevalence in the general population having similar characteristics derived from the D & F table.
Statistical analysis
Chi-squared test and Fisher's exact tests were used as appropriate in order to assess whether there was a significant association between all categorical variables listed and the occurrence of CAD. For continuous measures, this association was further evaluated using either Student's t-test or Mann-Whitney U-tests for normally or non-normally distributed variables, respectively. An adjusted logistic regression model was used in order to assess whether variables were independent significant predictors of CAD. A standardized prevalence ratio (SPR) was calculated in order to compare CAD prevalence amongst our observed population and the D & F published population. An SPR of 100% implies that the rates are the same for the population of interest and the standard population. An SPR >100% implies that the rate is greater for the population of interest and SPR <100% implies that the CAD rate is lower for the population of interest compared with the standard population.
Results
The prevalence of significant CAD in this SSc population was 22% (37/172) with a prevalence of 17% in males and 24% in females. Amongst the 172 patients who were investigated for Table 2 shows adjusted odds ratios for all the variables in a logistic regression analysis. A value >1 indicates an increased risk for CAD, conversely a value <1 demonstrates a protective effect. Only age, oesophageal involvement, pulmonary hypertension and typical chest pain, were significantly associated with CAD. Oesophageal involvement and/ or pulmonary hypertension appear to have a protective effect and reduce the risk of CAD by 80 and 77%, respectively. On the other hand for a 1 yr increase in age, the risk of CAD increases by 12% (P ¼ 0.0009) and typical chest pain increases the risk by nearly 6-fold (P ¼ 0.044).
Out of 38 patients who were found to have significant CAD, 15 were treated with balloon angioplasty and stenting, and two patients successfully underwent coronary artery bypass surgery.
Discussion
The frequency of angiographically documented CAD in SSc patients was similar to that expected in a population without SSc. The prevalence of CAD in our largest patient group with NAP (unexplained breathlessness) was similar to the NAP group in the D & F table, suggesting that the prevalence of CAD in SSc patients is similar to that in the general population.
However, some subgroups appear to have a lower prevalence than expected. The lower prevalence of CAD in SSc patients with TA and AA may reflect the small number of patients with these symptoms or the female predominance (41/44) in these groups in our population, where typical chest pain is often associated with normal findings on angiography [19] . Moreover, nearly half (48%) of these patients had oesophageal involvement, which might have influenced the clinical assessment as oesophageal spasm can mimic cardiac symptoms. There was no apparent association between SSc subsets, duration of the disease and duration of Raynaud's phenomenon, skin sclerosis score, auto-antibody profile and CAD. Patients with oesophageal involvement or pulmonary vascular complications of SSc can experience angina-like pain or breathlessness. This may account for an apparently lower prevalence of CAD associated with these complications. The excess of female SSc cases with CAD reflects the demographics of the SSc population.
Ho et al. [9] have reported a higher prevalence of carotid artery disease and peripheral vascular disease in SSc patients. Stafford et al. [20] identified excess ulnar artery disease in SSc. However, these studies used non-invasive methods of blood flow and wall thickness, including Doppler ultrasound and ankle-brachial blood pressure index rather than the 'gold standard' of angiography which images the arterial lumen. Ultrasound is also affected by vessel wall thickness secondary to fibrosis, which is a common finding in SSc. Our study showed that the prevalence of CAD in patients with breathlessness rather than TA was 16%.
Our SSc cohort is unusual in several respects. Chest pain in SSc may be due to several causes, for example oesophageal spasm, oesophageal reflux, chest wall arthritis or pericarditis. Breathlessness in SSc can also be multifactorial due to anaemia, pulmonary fibrosis, pulmonary hypertension and muscular weakness. All of these factors might have influenced the clinical judgement for coronary angiography and probably explain the low prevalence of CAD in this SSc cohort. Our patients were mainly female (76%) and most of them had NAP. However, our results strongly suggest that CAD is no more common in SSc than in patients without SSc. Like D & F, we did not analyse our patients for cardiovascular risk factors and our study group was too small for these to be evaluated. There were too few SSc patients aged <40 yrs to allow reliable analysis of this subgroup.
These results suggest that the prevalence of CAD in SSc is probably similar to that of individuals without SSc. Therefore, SSc patients with suspected CAD should be managed in the same way as patients without SSc. Our findings provide a background for any future prospective study examining risk factors, prevalence and clinical features of CAD in SSc. This could be compared with contemporary data from a non-SSc or general population. RP, Raynaud's phenomenon; OES Inv, oesophageal involvement; GI Inv, gastrointestinal involvement; PF, pulmonary fibrosis; PHT, pulmonary hypertension; ANA, anti-nuclear antibody; ACA, anti-centromere antibody; Anti-topo-1, Anti-topoisomerase 1.
Bold numbers indicate values reaching statistical significance.
